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Automatic Test Strip Analyser Apparatus 



Tftffhnicfll Fidd 

The object of the invention is an apparatus for analysing a reagent causing a colour 
reaction with a component in a sample of matter, in particular a test strip analyser for 
the fast analysis of urine test strips. Such devices comprise a sample holder 
accommodating the reagent entering into chemical reaction with the sample, preferably 
a test strip. The analyser also comprises a reagent transfer mechanism, a light source 
illuminating the sample placed into the sample holder, and means for measuring the 
intensity of the Ught reflected ftom the sample. In practice, these types of analysers are 
also provided with programmable controller and analyser means, mostly a 
microprocessor. The microprocessor is used for processing the signals of the detector 
ami for determining the amount of certain chemical or. physical components in the 



urine. 



Background Art 

Urine analysis is one of tl« rontine diagnostic nBthods of today's nwdical sdence. In 
to meaod a urine sample of a patient is analysed for certain con,«Beiits, fl« quantity 
of wUch is tneasuBd. aKl these dua are used to assess the state of the patienfs health 

orillness.-n»:sta.eoftheaiturine analysU is made wifl. the help of test strips, which 
containreagents entering into.chemic.lorphy«»lreaction«thcer«un^^^^^ 
comp<ments of the urine. Tlie reaction .esutadirecay or indirectly i«.coloarch«^^ 
the test strq.. niis change of colour is visible with the naked eye. and may be me«mred 

by insttum«-al measurement as weU. The amount of the sought component is 
dednctfcle ftom the measure of the colour change. Such a reaction wiU be referred to as 

a colour reaction ttioughout this descriptiou. Further, a colour reaction U meant to 
encompass any sort of physical, chemical or physico<hemical reaction whuA « 

detectable by optical means. 
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Eaiiier, quantitative deductions have been made by a comparison with a colour chart, 
but later instrumental reading or measurement became connnon. Today's modem test 
strips are analysed almost exclusively by instruments, which aUow a far more objective 
measurement than the subjective comparison with the colour chart. In the instrumental 
measurement, cssentiaUy die reflection of the reagent carrier of the test strip is 
measured on one or several wavelengths, and the measured reflection value is used to 
determine the developed colour resulting from the colour reaction on the top surface of 
the reagent carrier. 

Modem test strips analyse several, approx. ten components at the same time. The most 
widespread test strips are used to measure blood, ketones, glucose, protein, pH-value, 
nitrite, bilimbin, urobilmogen. white blood cells, density, etc. 

The measurement itself is made by dipping the test strip in the urine sample of the 
patient, and shaking or wiping off the excess urine. The wetted test strip is placed on a 
sample holder, and the instrument perfomis the measurement on a starting signal or 
automatically, by measuring the reflection value of the reagent pads of the test strip. 
The reflection is measured by one or more detectors. Ofl«n. one- or two-dimensional 
CCD-detectors are used. TTie microprocessor integrated mto the instrument calculates 
the quantity of the sought components, based on the measured reflection vahies. 

These measuring instruments are rather expensive devices, because they contain 
sophisticated optics and mechanics, and complicated electronics. Therefore, only 
hospitals, laboratories and other institutions can afford to buy them, where large 
amounts of test strips must be measured regularly. It is expected that the devices should 
be able to perfonn several hundreds of measurements hourly. For this reason, the 
sophisticated instruments contain a special sample transfer mechanics, which transfer 
the test strips continuously to the measuring optics, and from there to a waste container. 

Measuring large numbers of test strips successively presents serious problems. Firstly, 
the usual optical measurements require that the test strips, or at least their test pads are 



wo 99/41596 



7/7 



PCT/HU99/00012 



Fig. 9 




PCT/HUW/00012 

W099/41596 

-3- 

fixcd in a well-defmed position during the measurement Therefore, the known sample 
holders are provided with some sort of positioning means. But these positioning means 
are unavoidably contaminated with urine tcom the test strips, which mvolves that the 
successively following test strips will be also contaminated ftom the positioning means. 
This cross-conlamination of the test strips may seriously distort the later measurements. 
To avoid this, the positioning means are usuaUy made m a removable manner, and its 

contaminated parts are regularly cleaned. Especially, the measuring optics must be kept 
clean, because its cteaning requires special materials, and its removal and re-assembly 
is also con^licated. Therefore, it is sought to avoid any contact between the measuring 
Optics and the test strips. 

In sonB cases, the coloitt change on the testpads of the test strips is not cleariy 
ideatifiabie, because the discolouring in patch« or dots. Such a reaction can be 

analysed only vrithotanalydsofthe complete area ofthe test pad But the known 

„«asunane« methods ate only enable to naeasuie an aveiage colour of a central 
.egion of the pads. It may also happen thatatest strip is pU«d in .he device, for wluch 

i, is not programmed In this case the odour r««=tionv™nbeinte,p«tedeiio^ 
and the device will reppri aise va]r«s, if it is able to distinguish colours, only a 

change of intensity . 

Further itmustbeconsidered that the colourre*aioBs with the loiown test strips 
p,„gressreUtivelyfi«t,anddistu.bingefibc.sm.yarisebo.hbefb,ea.Kiafterthe^^ 
colour teacdon. nese .acts may seriously influence the result of the colour reacnon. 
in order to dete.mine.he exact resultof the colour reaction, the reflectionmeasu^ 
nsed to detenmne the mnount of sought component must be periotmed m a wen- 
defined time intervaL m this case, the qualitative relation beD^een colour and Ae 
amountofdjecomponemmaybecaUbratedproperiy. 

One of the known commercially avaitable urine analysis devices is the Cliatek 
« nrinean.ly.ermam.fi«tu«dbyAMESintheUnitedSt.tes.With.hista«md«^^ 
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cblour change of the test strips is measured by photo-detectois, fluough intermediate 
fiber optics. The results measured on the test strips is automatically analysed by a built- 
ii microprocessor, and the amounts of the sought components are also calculated. Tlie 
illuminating light, which is the white Ught of a halogen bulb, is also guided to the test 

5 strips through fOier optics. With this known solution the sensitive 

placed remotely ftom the test strips, and their contamination is also avoided. But due to 
the bad imaging properties of the fiber optics, and due to the low efficiency of the input 
aperture (which decreases even more with growing distance), the test strips must be 
positioned veiy precisely relative to the ends of Ae optical fibres. TMs is achieved with 

10 elastic fixing plates, which press the test strips to the base plate at the measuring 

position. Hie test strips arc transferred to the measuring position by a toothed conveyor 
belt, and from the measuring position to waste collecting vessel A disadvantage of this 
solution is the continuous contamination of the pressing fixing plates, fitom the 
successive test strips, and therefore these must be cleaned regularly. Even so. cross- 

15 cmitaminatiDn is not completely excluded. 

Anolher known device is the URISCAN 300 urine analyser made by YEONGDONG in 
South Korea. Ttis known device applies a CCD-detector as the Ught detector, and flie 
test strips are iUuminatedby a light tube producing white light. The test strips are 
transferred to the measuring optics by a toothed conveyor belt. The amount of the 
analysed components is calculated fipm the measured values by a micrt^essor. and 
the values are printed or transferred for fijrther processing to external recipients. It is 
also a disadvantage of this known device that the transferring mechanics is 
continuously contammated by the carried test strips, and the danger of cross- 
25 contamination between the test strips is relatively great. Also, the mechanical parts need 
regular cleaning. 

Considering the above, it is an object of the present invention to provide an analyser 
device with which at least one of the above disadvantages may be eUminated or 
30 reduced. Specifically, it has been sought to simplify the transfer mechanics without 
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saOTficing its throughput capacity (i. e. the number of test strips aiwlysed in a certain 
time interval), and to minimise the contact between the test strips and the transfer 
mechanics. At the same time, it was sought to improve the precision of the 
measuiements, and making possible the measurement of uncertain colour reactions. 
Also, a forther aim was the ability to recognise erroneously used test strips. Further, it 
was m object of the invention to provide a device that is easy and cost-effective to 
manufacture, ftom low-cost and readily accessible components, and has an overall 
simple construction. It was also sought to leave open the possibiUty to adapt the 
analyser apparatus for newer test strips in the foture. without any strucmral change. 

Summary Q f^hft Tnvention 

According to the invention, the above goals are achieved with an apparatus for 
analysmg a reagent causing a colour reaction with a component in a sample of matter, 
in particular for fast analysis of urine test strips, comprising a sample holder 
accommodating the reagent entering into chemical reaction with the sample, preferably 
tiie test strip, further comprising a sample tomsfer mechanism, a light source 
illuminating the sample placed into flie sample holder - preferably a Ught emittmg 
diode (LED) means for measuring the intensity of the light reflected from the sample 
- preferably a CCD-detector further comprising a programmable controller and 
analyser means, p«ferably a microprocessor for processing the signals of the means for 
measuring the Ught intensity and for determining the component in the sample. 
According to the mvention, the apparatus further comprises 

A. an imaging optical system disposed at a distance from the sample of matter for 
imaging the reagent entering into chemical reaction with the sample onto the optical 
detector, with means for providing a depth-independent imaging at least m a space 
segment containing the reagent, and 

b, means for colour and/or pattern analysis and/or recognition of an at least one 
dimensional image detected by the optical detector, and 

c. means for determining the result of the colour reaction from the analysed image. 
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Througbout this description, the terms "pattern recogmtion" or "imge recogtution" or 
"image ptooessilig'" are considered synoiiymous teiiiis. 

Wift to soluti««, significant advantages are achieved compared to the known 
constructions. Firrtty, the Itansfe medmnsm may l« sirnplified to a latge exte^^ 
because the exact position of the reagent pads (test pads) of (he test strips are 
cognised by Am pattern recogmtion software even if lie test st*s ate slitfrtiy 
disptaced or tilted. The simple mechanism is a very hnportant asset, because of the 
ridable and ftequem cleaning tcquiremem. Ms is especiaUy usefiU with wme 

analysers. Secondly, the results of fte colour reaction can be determined muA more 

exactly wi& a tme colour analysis than with a sin¥l= meas 

colour r«=ogmtion program may be programmed to detect automatically the type of the 
test strip, withoutthe opemtor having to enterit into the appsratusseparaiely. The 

analysis of fl» complete surftce of the test pads means that test pads wifl. unusual 

colouring, e. g. with patches or dots, may be anriysed as weU. Tl« apparatus accordmg 
«, flK, invention can be modified to ««lyse new types of test snips wid. a different 

positions of the test pads, without tatving to modify the imaging hardware. 
■IbeoredcaUy. it is also possible to analyse wiflx a urimi anatyset test rtnps for 
completely diffirem nuiasurements. e. g. test strips fer blood sugar measurement 

Prefcrably.the^p-atns according to Uieinventioneomprisesat least threedet^ 
dedicated to me.«mngdiflereot colour componems. or altemMively.adete«orw..h 
multiple segments inits image pfatels. the segmentsbeingsensitive to different colours. 
This la«et solution re<pires the most simple opUcalsysim. NormaUy. red. green ami 
blue colour con^onents are measured widi the analyser. 
Practically, flie light source emits substantiaUy white li^ 

With the most preferred embodfanent. the imaging optical systtm of the apparatus 
recording to theinventioncomprisesat.lecen.riclenssys.em; Such anopti^ 

is capable for ensuring the depfli-independent imaging in a finite object space. 
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Preferably, the means for determining the result of the colour reaction fiom the 
analysed image is a microprocessor integrated into the apparatus and/or an external 
computer connected to the optical detector. In practice, the microprocessor and/or 
computer is programmed wife an pattern and/or colour analysis and/or recognition 

5 program. Since modem urine analysers contain microprocessors under any 

circumstaiices, which control the various fimctions of the analyser, it is most simple to 
perform liie pattem and/or colour analysis and/or recognition with this processor. 
Alternatively, it may be advantageous to employ a dedicated processor for the pattem 
and/or colour recognition functions, if the conu-ol processor would be overloaded with 

10 these tasks. 

Modem test strips contain several, normally at least ten different test pads for different 
components to be measured in die sample. Accordingly, it is advantageous if the 
optical system is provided witH means for detecting multiple measuring points adjusted 
15 toreagemcarrierscomprisingmultiplereagentsfordetermimngmultipleco^^^ 
in the sample, and the pattern and/or colour analysis and/or recognition program 
comprises means for distinguishing the different reagents and/or measuring points. 

With most test strips, the complete development of the colour reaction takes some time. 
At the same time, it is expected that the analyser should be able to measure large 
nmnber of test strips inaiclatively short time and therefore it is foreseen that the 
reagent transfer mechanism comprises a sample receiving location positioned at a 
distance from the measurement location, and the transfer mechanism comprises means 
for transferring the sample of matter from the sample receiving location to the 
measurement location in a predetermined time interval, l^cferably. fe^ 
time interval is not less flian the shortest time necessary for the development of the 
colour reaction. E.g. in a very simple and attractive embodiment the transfer 
mechanism comprises an endless conveyor belt, which receives fee test strips and 
transfers feem under fee measuring optics. 
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n ^Af pescri p^^" nf nrnwines 

By way of example only, an embodiment of the invention wUl now be described with 
reference to the accompanying drawing, in which 

5 Fig. lA and IB are schematic side and ftont views, respectively, of an analyser 
apparatus according to the invention. 
Fig. 2. is a block diagram illustrating the comiection betweenfee internal units 

of the apparatus according to the invention. 
Fig. 3 A and 3B are schemes of the optical system used in variants of the apparams 
,(j according to the invention. 

Fig. 4 is a forther embodiment of the optical system, with a telecentric lens. 

Fig. 5 is a schematic figure of the image stored in the evaluating unit. 

Fig. 6 illustrates a first fimction of the pattern recognition software. 
Fig. 7 iUustxates a second function of the pattern recognition software, 

15 Fig.8 uiustratesathirdfiinctionofthepattemrecogmtionsoftware, 
Fig. 9 shows the selected area of a test pad on a test strip, 

Fig! 10 iUustmtesatransformationinthecolourrecognitionsoftware,and 
Fig! 11 mustratesthefinalanalysisoftheiesultsoftiiecolourrecognition 

software. 
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Tt^^t Mode fAr rarrving o"» Invention 



Figs lAand IB Ulustrateanon^imitmg embodiment oftheurineanalyserapp^^ms 1. 
which performs the automatic analysis of the test strips 4. The test strips 4 are known 

25 per se. THe apparatus 1 comprises a sample holder - the conveyor 31, as will be 

explained below-wWch receives the test strips4previously wetted withurine. The t^ 

strips 4 are placed on the sample holder by the person handling the apparatus. T^e 
sampleholderisfomiedsothatseveralsamples,Le.teststrips4areheldonU 

simultaneously. THe individual test strips 4 are transferred successively to die 
30 measuringoptics6bythetransfermechanics3.Themeasuringoptics6constimtethe 
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actual n«asurmg «mt Of aH»«»«us ^ Wit to e»a^ 

3 convrises two paraM lumung comrey<»: l^tes 3 1. v«c^ 
conv^vrt«els32,eachpairtevmgaeommonaxle.Oneofthead«36Is«^ 

ttB motor 35 via a drive belt 34. Ptacticalty. wtah this embodiment tl»! sample holder 
3 ,^yconstitu..dbyfl»eo»veyors31.Inorderto.voideveruualglidi^ 

sttips..heconveyor31 may be provided with tee.1. but i* a pteftodembodimem. the 
eo,,veyoB 3 1 have a smoofli smftce. to tlwfr ''•"^ 

Tte test saips 4 prognss tdrtively slowly, during ^ox. one minute fiom flie sample 
,0 ,«ei»ingloc«tioa7tothepositionwhi<*isa»tethemeasuringoptics6.D^ 

time.heoolo»rreactiontalcesplace..heresuttofvtohisde«ttoinedbythemeas»r^ 
„™ios6andfl.e conneetedanalyserunitCnot shown inFigs.lAandlB).Movingpas. 
fteme,s»ringoptics6.at.hee„doftheconveyor31.he«sts.rips4Min«.d»w,s.e 
coIleotor9.-n.ewa,tecoUe«or9maybedisposedofentirely.wheniuB.ormaybe 

15 emptied to receive more test Strips 4. 

The functions of.he«rine»alyser.pp««usl»eeon.»Uodby the in^ 

57 on the fi»nt of the apparams. The measured vatoes we« O^"^ " 
optioDally. aie forwarded to other data processing units. 

20 

WMtthisembodimentthemeasuringopticsecomprise the light tube 68.an^ 
mir«,r67,whichlat«r.eflec.s,heima8eof.hetestsrip4in«..beimagmgq«cal 

^«m60.Ins.eadoftheusedUghttube68,other«eansofligtoh«=»y'«««4e-fr 
^taaerwidtdif&,tntcoloursoranincandescentbuIb.However.i.isnK«t 

pref^tonseawhitelightao»rce.TtehnaginEop.icaisys.em60maybered^ 
also without the use of the niiixor 67. 

toaprefcrredembodiment.fl»tes.strips4.relaidond«eonveyor31byhand. 

However, with an alternative embodiment, the test strips 4 at. pu. on the conveyor 
30 by.s«Bpledispenser8.whichposidonsthe«sts,rips4on.heoonveyor3Im.proper 
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6. The apparatus according to any one of the claims 1 to 4. characterised by that the 
means for determining the result of the colour reaction from the analysed image is a 
microprocessdr integrated into the apparatus and/or an external computer coraiected to 
the optical detector. 

7. The sqjparatos according to claim 6, wherein the microprocessor and/or computer is 
programmed wifli an pattern and/or colour analysis and/or recognition program. 

8. The apparatus according to claim 7, characterised by that the optical system is 
provided with means for detecting multiple measuring points adjusted to reagent 
carriers comprising multiple reagents for determining multiple components in the 
sample, and the pattern and/or colour analysis and/or recognition program comprises 
means for distinguishing the different reagents and/or measuring points. 

9. The apparatus according to any one of the claims 1 to 8, characterised by that the 
sample transfer mechanism comprises a sample receiving location positioned at a 
distance from the measurement location, and the transfer mechanism comprises means 
for transferring the sample of matter from the sample receiving location to the 
measurement location in a predetermined time interval 

10. The appatams according to claim 9. wherein the predetermined time interval is not 
less than the shortest time necessary for the development of the colour reaction. 

11. The apparatus accordingto any one of the claims 1 to 10, ehaiacterisedby that&e 
transfer mechanism comprises an endless conveyor belt. 

12. The apparatus according to any one of die claims Ito 11, characterised by forther 
comprising means for cleaning and sterilising at least parts of the transfer mechanism. 
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position and in the right time, and thereby contributes to the precise analysis of the test 
pads on the test strips. Alternatively, the sample dispenser 8 positions not the wetted 
test strips 4. but sterile, dry test strips, and the urine samples are dispensed in exactly 
portioned drops by the sample dispenser 8 on the test pads of the test strips 4. With this 
method the contamination of the transfer mechanics by flie overall wet test strips is 
largely prevented. In this manner the cross-contamination of the test strips is also 
substantially diminished, and the operation of the apparatus must be stopped less often 
for cleaning. 

Optionally, the apparatus 1 may include a cleaning and sterilising means 10, which 
contmuously cleans the conveyor 3 1 also during operation of the apparatus, and 
facilitates ahnost continuous operation. 

Fig. 2 show the block diagram of the internal units of the apparatus 1. The test strips 4 
forwarded to the measuring optics 6 by the transfer mechanics 3 are imaged by the lens 
system 62 onto the detector 61 . The output signals of the detector 61 are fed into the 
evaluating unit 5. The evaluating unit 5 wiU perform a colour and pattern (image) 
analysis and/or recognition of the images of the test pads of tiie test strips 4, and the 
results are displayed on the display 54, or forwarded to the interfece 55 or the printer 
56. These latter peripherals may be external devices as well. 

The evaluating unit 5 comprises in practice the microprocessor 5 1 . with an attached 
memory 52 and an A/D converter 53, The memory 52 contains RAM and ROM 
memory areas. The A/D converter 53 transforms the signals of the 61 detector into a 
digital signal appropriate for input into the microprocessor 51. Often, the A/D convener 
is integrated into the CGDndetcctor. The microprocessor 5 1 comiects to the peripherals, 
L e. the display 54. the interface 55, the primer 56 and the instrumem panel 57 in a 
mamier known per se. The microprocessor 51 also controls the power supply 59 of the 
motor 35, and receives the signals of the sensor 38 on the axle 36 of the motor 35. 
Alternatively, the motor 35 may be a stepper motor, which is controUed directly by the 
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1 Appamus for analysing a rcageM<a«stog a colour reaction 

«„ople ot matter, m particular for ft* analysing of urine test sttips. compr«mg a 
sample holder accoamuxtating fl« rea««* en««ing into d«mical n«c^^ 
sample, preferably the teat strip, ftrtte comptish* a sample tnasftr m«^ 
Bghtsourceinuminating.hcsampleplacedimothes»nptehoUer.anopticalde.«^^ 

for measuring the intensMy of the Ught refleaed torn the sample - preferably a CCD- 
detecmr-. flHtte comptish^ a pragrammable controller and analyser me 
pnrferablyamicroprocesaorforprocessing the signals of themeans for mcasurmgti^e 

Ughtint^-sityandforde^tminingthecomponent, characterised by further comprtsmg 
a an imaging optical system disposedatadistMKe from ftesanple of matterfor 

the reagem entering into chemical or physical reaction wia the sample™^ 
,heopticalde.ector.«ilhmeans for providtogadcpth-independentimagingat least 

space Kgmot containing Ihe sample and the reagent, and 

b. means for colour andpattem a«Uyris andtorreeognirion of an at least one 
(Liensional image detected by the optical detKMr, and 

c. means for detemnning the tesult of the colour reaction ftom the «»dysed hnage. 

2.T1« apparati. according to claim Uch^acterisedbycomprismg at leasts 
d«ectors dedicaled to measuring diffitem colour components. 

3 Theappanm>saccordingtoclaiml.whereinlheopticalde.ee.orcomprisesmultiple 
segmen.sm«.«nage pixel, .he segments being sensitive «. different coloms. 

4.11»app.rati« according .o any one of .hechums 1 fo 3.cha»c.erisedby comprismg 
a Ught source emitting substantially white 

oflhedaims 1 to4, chara«eiisedby4atthe 
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5. The apparatus according to any one 
taaging optical system comprises a telecennic lens system. 
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microprocessor 51 through an appropriate driver circuit In this case the sensor 38 may 
be omitted. 

It must be noted that for image processing (colour and/or pattern analysis and/or 
recognition) tasks requiring complicated calculations it may be practical to integrate a 
dedicatedprocessor into the apparatus, which perfomis only tiie image processing, i. e. 
the actual colour and/or pattern analysis and/or recognition. In this case the 
microprocessor 51 only controls and coordinates the functioning of the separate units, 
and iJierefore Ifae microprocessor 5 1 may be a relatively simple industrial process 
control processor. 

With the shown embodiment, all the controlling and image processing tasks are 
perfomiedby the microprocessor 51. The microprocessor 51 receives the digital colour 
infoimationfiomthepixelsofthedetector61.Theresolution.inapractical _ 

embodunent 8 bit. allows for the evaluating program to detemnne separately the hue, 
the saturation and the colourintensity of the test pads. This is important, because the 
final colour of the test pads is a result of several di^t fectors. E. g. the wetting of 
the pads depends on the time of the dipping into the urine and the usual wipmg or 
shaking off of the excess urine. The intensity of the reflected light is normally 
influencedby the wetting, while fee emerging colom-(hue)itself after the colour 

reaction is less dependent on the wetting. 

The imaging optical system is constructed so that it provides an essentially depth- 
mdependent imagmg in the space segment where the test strips 4 pass through. By 
depth-independent imagmg it is understood that the image of the test strips 4 on the 
detector 6 1 is practically independent of the position of the test strip 4 along the central 
optical axis of the imaging optical system 60. "me central optical axis is substanually 
perpendicular to the object plane of the imagmg optical sys«m. In tiie examples shown 
m Figs. 3A-B and Fig. 4. the image of the test strips 4 is practically undumged rfthe 
test strips 4 are translated parallel along the co-ordinate axis Z: Of course, this 
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The invention is not limited to the presented embodiments, but other variations arc 
equally well applicable for those skiUed in the art. The position and the colour of the 
test pads may be found with other algorithms as well, e. g. the x co-ordinates of the test 
pads can also be found with the cdirelation method using a pad-wide test fiinction. The 
correcting tnmsfonnation of Ae CCD-pixers output (equations I a-c), being a linear 
transfbrmatiDn, may be perfbrmed only once, on an average colour measured across the 
test strip in liie X direction, mstead of perfbiming it on eveiy pixel in the row. Also, 
instead of a conveyor belt, the transfer mechanics may comprise a rotating disk or any 
other mechanism providing an alternating or translating movement for tiie test strips. 
Instead of a linear CCD-detector a two-dimensional CCD matrix is also applicable, 
similar to those used in video cameras. 
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condition must be fiaifiUed only in a relatively narrow imaging region T. ITiis is 
necessary because the test strips tend to bend slightly, due to the wetting and their own 
weight, and other various reasons. Obviously, this imaging region T must be 
determined so that standard test strips wUl remain in tjie imaging region T even if they 
axe bent sUghdy, in an extent usual for the test strips. 

A few examples of the imaging optical system 60 are shown in Figs 3A, 3B and Fig. 4. 
Fig. 3A depicts a lens system with an achromatic lens 63. The advantage of this system 
is the relatively few parts and therefore the potential risk of contamination is also 
smaUer. Its disadvantage is tiiatthe light beams at Ac edges are not perpendicular to the 
object plane, and the image is more sensitive to the tilting of the object (which may be 
caused by the bending of tiie test strip). With the improved cmbodimfint shown in Fig. 
3B, the telecentric lens system 62 comprises a FresneUens 64 and a simpler objective 
IgL 66. in this arrangement there are essentially parallel rays arriving from the object, 
Le thetestsfrip4areimageddep1h-independenfiybyaFresnel-lens 64, and this image 

is than imaged ferflier onthc detector 61 by the objective lens 66. However, the use of 
the Fresnel-lens introduces uncertainties into the detected image, by the distorted 
imaging of some pixels on the CCD. Therefore, in a most preferred embodhnent shown 
in Fig. 4. a telecentric lens system 62 is applied, comprising a telecentric lens 69, an 
objective lens 66 and a mirror 70. the latter to increase the optical path from the 
telecentric lens 69 to the objective lens 66. There are more optical elements than with 
the embodiments of Figs. 3A and 3B. but due to tiie characteristics of this imaging 
system, the con^)lete optical system may be positioned farther away from the measured 

test strips, and therefore it is less prone to contamination. At the same time, due to the 
practicaUy parallel rays, the imaging is ahnost perfectly depth independent, and in this 
manner the bending of the test strips does not significantly affect the measurements . 

In aU three embodiments the m-depth resolution of the imaging.is improved by the 
aperture 65. 
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We have found that the A and B values calculated in this manner and corresponding to 
weU-defined amounts of the various components of the mine, measured by the 
appropriate test pads, constitute a well-defined area in the P(A,B) plane. These areas 
aie identified by caUbrating measurements. Thereafter, the quantitative analysis of a 
test pad is made by comparing the position of the measured sample with the positions of 
the calibrated samples in the P(A,B) plane. This is illustrated in Fig. 1 1, which shows 
various sample points M in the transformed colour plane P(A,B). The sample points M 
conespond to different values of glucose measured in the urine, ranging from negative 
(corresponding to zero or below threshold) to +++ (corresponding to approx. 1 000 rag/ 
I00cm='). As seen in Fig. 1 1, aU sample points M are witiiin a orescent-shaped field G, 
with the different values of the calibrating sample points M concentrated in well- 
defined regions of the field G. 

As an alternative uansformation requiring less calculation, one of the three colour co- 
ordinates may be omitted completely. However, such a transfonnation can not be used 
reliably with some test strips. 



Further, the apparatus my be programmed to measure and store the colour of the urine 
sample itself on a neutral white test pad. Such mformation is also frequently requested 
20 by the doctors using the results ofthe urine analysis. 



25 



Further, the apparatus may be programmed to perform a colour compensation of the test 
pads on the basis of the colour measurement of the urine. Many test strips contain a so- 
caUed control pad for this purpose. The colour compensation may be done most easily 
by simply subtracting the RGB vahies measured on the neutral, non-reacting urine 
sample from the other RGB values measured on the reacting test pads. TTiis subtraction 
or other method of colour compensation may be done both before and after the colour 
transformations from the RGB field mto the P(A,B) plane. 
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In order to allow a colour analysis ofthe test pads ofthe test strips 4, ft^ is 
a colour detector, which means that there arc several (usuaUy three) detector segments 
in each image pixel, Hiese detectors are commercially available. 

The urine analyser apparatus 1 according to the invention operates in the foUowing 

manner: 

Ater switching on of die appmOus 1. (he moto^ 35 drives Ihe comreyor 31. Tie 
«^,tramportiogi«rtoftheconveyor31 wiU move continuously, with an even 
velocity fiom Ite diieotUm of fl« son^le receiving locmion 7 or the sample dispenser 8 
u™™rdsthen«asnringoptics6.Icfheme»>wbile.fl.eoper.«oroftheappara^ 1 wets 
fl« test strips, e.g. by dipping them in«ine,«ui1iKreafterp«.s the test stri^ 

<»e on the conveyor 31 at the sample receivtag location 7. m san^le recemng 
UK^tion 7 is marl««l by v«U.<iefined visual signs for the opeirtor. The test str^ 

aansported to . position vrithin the hnaging region (object space) of the measoimg 
, opto6.Thespe«iofa»com«yor31isa«Snstedsothat,hecolonrreactionwdl.ate 

pU«eon.be.estp.dsduring«he.i«ein.ervalwhaea,est strip is wetted, placedon the 
co.^or.aulreachfimlhesampleKceivingUx»to7.0.heme.s»ri^ 

The mic^processorSl continuously monitors and stores the signals of the det«»^ 
,„ of.heme.suringoptics6.to,heahownen*KKUmen.stt.ede.ec.or61isaline.rCX^ 
detector, where the detector segments are positioned along a Ime. The 5 1 
microprocessor stx^es a two-dimensional hnage of the test strips, deduct 

signals of the CCDnietector and the synchromsiag signals of the sensor 38. The 
ntoopmcessorSlisprogtammedwithapattem-andcolouranalysisand/or 
^ ««,gdtionp.»gram,whichaUowsacolouranalysisof.hetestpadsonthe.e« 
.Tbi,p«t=n.and colour ^alysisarKi/orrecosdtionprogramperfom^ basically d^^ 

following functions: „ , . • „ 

a.rec«gnises.hatate,,strip.ppearedi»thehn.gingfieid(objectfieid)ofthcnn^^ 

optics, . 
30 b. thereafter, continuously records and Stores the image Of the test stnp, 
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of to oorrcUtion to«ion Feorr is deemed to defme fte y-posftiou Yl of ftc c««. of 
tofim«stpadPl.Tl»po3idonof*eo*er«s,padsP2.Pk»ecdeuta«d«be.gm 

.p«detem»n«ldis«ceiromfl«f«st«=s.padPlalongfteUn.E5,or&^^ 

further correlation along the line E5. 
5 Havingfo-mdtoceattdpodflonsof«het««p«ls,U«lH»»d»esofthete^ 

ae««m»4»dfl«col<mrval«esoftop»el,oorresp»«Bn^ 
evaluated. These pixels are those within lines E1-E4 in F«. 9. 

taapn.eticaleni»din«n,in,hisn»»«atestpadPkofasi«app™x.5™.x5nn„ 
.„ i.«.nsfonnedu.approx.30a400pb«ls.cone,ponding«>3^pi».m^ 

one dimension. 

I„apo,siWeen.bodin«nt.theeolov.analysisand/orreoognitio„prog«»^^^ 
„ eLa« of the 1U3B values of .he pixels measured in a selects 

,„dn»ysin»n.».couslycon.pa«fl«c3lo»to.«lavc«geR,G3v.lu^™^ 
p^™Unedl.G,Bv.l«r.n«es.th«*ydecidingif.hecolour^^^^ 
L«ponds«>a«t.aincolouror«.tThisn,ea„spr«:ticaUy.b.td.e.ne^ 
IZheinch«l.^indefinedsegn«n.sofa.htee.dh„ensionalc.U^ 
!:^ty)field.Howev.r.Uhasl«enf.und.ha.Uisheuer.oelin^.he»^^^ 
l™Jf.heco.our..ndu,e«unine««hueandsa^nof«>etestpaason.. 
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««im«tM are transformed into a two-dimensional data 
Therefore, the three colour co-ordmates are transionu 

set, according to the following equations: 

A-0.866*(B-Gy(R+B + G) ("^^ 
B = CR-0.5*(B+G)y(R + B + G) d^^) 

T.istransformationyieldsatwo-dimensionalplanePCA3)i^^ 



RGB field, very 



similar to a colour triangle. This is shown in Fig. 10. 
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c. With a pattern recognition algorithm, identifies the position and the shape of the test 
pads on the test strip, 

d. detennines the colour (hue and saturation) of the individual test pads, 

e, based on the colour, calculates the component indicated by the individual test pad, 

f, stores the detennined amount of the specific component and'or displays the result 
and/or transfers the data for other data processing units. 

Hie determination of the colour in point d, may be done by determining the average 
colour of the complete test pad. or the average colour in a central region of the test pad. 
With this latter method, occasional disturbing effects at the edges of the pads may be 
largely eliminated. Such an effect may be caused by smaU liquid droplets attached to 
the test pad. 

Of course, it is possible to assign a different method of analysis to each test pad on a 
15 teststiip.E.g.thetestpadsmeasuringbloodcontentarecapableofrecognisingthe 

haemoltsed blood cells in the urine. If this is the case, the pads wUl have a unifonn 
colour. If the blood is not hemolised, the colouring will be dotted. This dotting effect 
may be detected by tfa^ pattern recognition algorithm. If necessary, the size and number 
" of the coloured dots may be deteiminedfor the test pad, and diagnostic information 
20 may be deduced ftom a histogram of -the dots. In a more single solution, the non- 
uniform colouring of the test pad may be detected by the measured variation of the 
colour values within a single test pad. 

By deducing true colour information firom the test pads, even false colour reactions of 
25 the te^ pads may be determined. THese are very difficult to detect by traditional 
measurement Such a false colour inaction is the yellow or grey colouring of the test 
pads for bilirubin and urobiUnogen, caused by certain medicines. All these cases may 
be pre-programm?d in the colour recognition program, and therefore these unusual 
colour reactions may be detected and the results separated intelUgently. 
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Fig. 5 Shows the itnage of the test strips 4 in the form of a pixel image consisting of n x 
m pixels (row x column) combined from Ihe pixel mfonnation in the memory of the 
evaluating unit 5. Each (R.Gi,Bi ) data define the colour of the i-th pixel along the Y 
axis, and the set of the (R,.G,3i)-(Rn.G^-) ^^^a repi^t a column along the Y co- 
ordinate of the image. Tb^ pixel columns of the image shown in Fig. 5 are measured 
and calculated successively, as the test strip progresses in flic X direction. TTie pixel 
information(colour parameters)of the individual pixels are deduced from the s^ 

detectedby the detector 61, according to the transformations 1 a-c above. 

The image of Fig. 5 contains approx. 500 x 700 pixels, in the Y and X directions, 

„«pectively . Th. evaluating miit processes the pixel infonnation continuously to find 

tiie exact position of the next test strip, and its test pads. 

•nus is done by evaluating the RGB values of the pixels in each row along flie X 

direction (see Fig, 6). These values constitute the Fxi(RGB) fimction for the i-th row. 

Tl.e first two intei^onsofathresholdvalueVand the measuredFxi(RGB) fimction 

yieWs an XnandanXa value for the i-throw.Tliereafier, the edge linesmandE2 of 

flie test strip are calculated with a linear regression laid on the points (Xa.YHXu.i) 
and (X.,Y) = (X..i) for i=l...n,respectively.Extreme values arediscarded, 

• weremeasuredonthefoUowingteststrip,orifnointersectionsarefound,bec^^ 
Strips are crossed, etc. 

Mthis su^, a fcrther checkispe*>nnedto en«» tbatthe edge Unes El, E 

»make»»e tot the test soips have been laid p™perlymfl»c<»veyor.««lfl»t no 
ttstpads a« outside the imaging range of the imaguig optics 60. 

Inotderu.findthepositionofthefirs,.«tp«.Pl.atest&nc.ionF(test)isglidedand 

co^latedwith the ftnedon Fy(RGBXsee F.g. 7). He«. the .est&n«.io«F(test) « a 1-0 
fl™»iouwiththewidthcorrespondingtothatof.testp«lP.whae.heanc.io« 

Fy(RGB) contains tt.e ROB values along a line E5 bdfWay between fte edge bnes El 
0 .ndE2.TheoutputofO«co.xetationfhnctionFcotrisshowninFig.8,Thefnapeak 
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Rxample: 

The fimctions of an exemplary pattern- and colour analysis and/or recognition program 
arc explained with reference to Figs. 5 to 1 1 . 

In a first step, the basic data for the pattern- and colour analysis and/or recognition are 
extracted from the optical system. 

The optical system of the apparams 1 images an appiox. 10 cm long line (perpendicular 
to the movement direction of the conveyor 31) onto a linear CCD-detector having n 
colour se^ents,Inapracticalembodiment,n = approx. 500. The microprocessor read.^ 

tiie 8 bit digital RGB colour information serially, and performs a linear transformation 
for all measured data according to the equations 

Ri = AjR*Rta + B|R (la) 
Gi«AiG*Gim + BjG 

Bi = AiB*Bi„, + BiB, (l'^) 

Where A«,A«>, A». and B^3ic3iB are constants for the i-th segment of the CCD- 
detector, R..G.3^ are the measured RGB values detected by the i-tii segm»^^ 

Ri,G.3iaiethecorrectedRGBcolourvaluesusedmthelaterprocessmg. The 

cclstants AiK.A,a, A»,andB«,Bio3iBaredeterminedforeachse^^ , 
calibnitingmeasurementusing white and grey calibrating test strips, and storedmto^ 

memory of the evaluating unit 5 for later use. The transformation of tiie equations (la-c) 
serve to correct the non-uniform imaging caused by uneven illumination and 
imperfections in the imaging optical system. 

In the next step, the pattern analysis and/or recognition program part determines those 
pixels which should serve as a basis fior the colour measurement 



